Background: The objective of this study was to systemically evaluate the association between oral lichen planus (OLP) and thyroid disease.
Oral lichen planus (OLP) is a chronic inflammatory mucocutaneous disease most commonly affecting middle-aged females. It is estimated to affect 0.5-2.0% of the general population (1) (2) (3) . Some researchers believe a complex series of immune-modulated events is responsible for the pathogenesis of OLP (4) ; however, the factor that initially triggers OLP remains unknown. The few predisposing factors currently thought to have a role in its pathogenesis include the patient's genetic background (5) and psychological factors such as periods of psychological stress and anxiety (6) (7) (8) . In some populations, OLP has been reported to be associated with certain systemic diseases, including hepatitis C virus, hypertension, diabetes mellitus, and thyroid disease (2, 3, 9, 10) . The thyroid is a secretory organ secreting thyroid hormones, which control many aspects of growth, development, regeneration, and metabolism. Deviations from normal thyroid hormone levels in either direction occur quite frequently and are very unpleasant for patients (11) . The most common thyroid disorders include thyroid nodules, hyperthyroidism, autoimmune thyroid diseases (AITDs) caused by abnormal autoantibodies, and so on. The human AITDs broadly include Graves' disease and Hashimoto's thyroiditis (HT), which are the most common causes of thyroid gland dysfunction and nonendemic goiter (12) . HT, the most common cause of hypothyroidism, involves antibodies that directly bind to thyroid antigens (13) . Graves' disease, on the other hand, involves the binding of autoantibodies to the TSH receptor, which leads to stimulation, and is the most common cause of thyrotoxicosis (14) . In 2012, a review summarized studies of autoimmune thyroid disease incidence and prevalence since 1950, found high prevalence and incidence of hypothyroidism and prevalence for TPO antibodies in Denmark, Finland, Norway, and other European countries (15) . Hypothyroidism and hyperthyroidism affect renal function by direct renal effects as well as systemic hemodynamic, metabolic, and cardiovascular effects (16) . However, the pathogenesis of AITDs remains unclear.
A correlation between thyroid disease and OLP was first identified in a case report in 1994 (17) , and several studies exploring this correlation have been conducted since. One study found that OLP patients have a higher prevalence of thyroid disease, especially hypothyroidism, compared with controls (18) . In 2009, a study conducted in Taiwan by Sun et al. found that 21.3 and 24.4% of Chinese OLP patients had significantly higher levels of serum antithyroglobulin autoantibodies and antithyroid microsomal autoantibodies, respectively, compared with healthy controls (19) . Another study published in 2013 indicated a higher prevalence of HT in an OLP group relative to the general population (20) . However, this relationship between OLP and thyroid disease still remains controversial. The aim of this study was to systemically analyze the relationship between OLP and thyroid disease.
metHODS
This review was performed following the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines (21) .
criteria for Selection
Articles based on clinical studies that explored the relationship between OLP and thyroid disease were considered for inclusion. Any type of study was considered, including case-control, crosssectional, and cohort studies, either with or without a control group. Studies involving patients clinically diagnosed with OLP, with or without a pathological diagnosis, were included. No restrictions on age, sex, race, or country were set. The exposure of interest was the presence of thyroid disease, and the main outcome indicator was an odds ratio (OR) for OLP and thyroid disease. Studies including a control group were identified, so that their data could be merged to calculate the ORs and 95% confidence intervals (CIs). Studies that did not include a control group were retained for literature review.
Search Strategy
Studies in English or Chinese that met the above criteria were collected by searching the following databases: PubMed, MEDLINE, Cochrane Library, Science Direct, Web of Science, Embase, China National Knowledge Infrastructure, China Science and Technology Journal Database (CQVIP), Wanfang Data, Chinese Biomedical Literature Database, and the Chinese Science Citation Database. The MeSH terms ("oral lichen planus" OR "lichen planus" OR "OLP" OR "LP") AND ("thyroid disease" OR "hypothyroidism" OR "thyroid nodule" OR "hyperthyroidism" OR "Hashimoto disease" OR "Hashimoto's thyroiditis" OR "thyroiditis") were searched, complemented with manual searching, for publications listed up until August 2016. The searches were conducted by two independent investigators (Dan Li and Jin Li).
Study Selection
Two of the authors independently assessed the titles and abstracts of all identified studies. Full reports were obtained for those studies that appeared to meet the inclusion criteria or those for which a clear decision could not be made from the title and abstract alone. Where disagreements occurred, they were resolved by discussion or by consulting a third author (Chunlei Li and Hong Hua).
Data extraction and management
Data extraction and management were performed independently by two reviewers (Dan Li and Jin Li). The following data were recorded from each study: authors, country of origin, study type, the main outcome measures, and the outcomes.
Statistical analysis
Statistical analyses were conducted using Review Manager 5.2 (Cochrane Collaboration). The estimates of the association between OLP and thyroid disease were expressed as ORs and 95% CIs and plotted on a forest plot. The I 2 test was performed to evaluate the heterogeneity among the studies, with possible values of 0-100%; I 2 values of 25 and 50% were used as cutoffs for modest and high heterogeneity (22) . If no significant heterogeneity was found, a fixed-effects model was used to calculate the combined OR. Otherwise, a random-effects model was used.
Risk of Bias
The methodological quality of the included studies was assessed using the Newcastle-Ottawa Scale for the case-control studies (23) . Funnel plots were used to evaluate underlying publication bias, and a sensitivity analysis was performed to identify the influence of the individual studies on the combined OR.
ReSULtS
Study Selection and characteristics full text (24) , and 3 letters to journal editors were also excluded ( Figure 1) . Finally, eight studies were eligible for inclusion ( Table 1) . These studies covered a broad geographical range, with five conducted in Europe, two in Asia, and one in both Oceania and Europe. Four of the eight included studies did not feature a control group, and thus the OR could not be estimated. The four remaining studies, with a total of 1,846 OLP patients, were included in the meta-analysis.
Relationship between OLP and thyroid Disorders
The OR for the association between OLP and thyroid disease varied from 1.71 (95% CI: 0.98-2.99) to 4.16 (95% CI: 2.38-7.29), demonstrating a statistically significant difference in the prevalence of thyroid disease between OLP patients and controls. The heterogeneity among the included studies (I 2 ) was 49% (>50%, Figure 2 ), representing critical heterogeneity; thus, a fixed-effect model was used for the meta-analysis. The pooled OR was 2.63 (95% CI: 1.95-3.54). Following the sensitivity analysis, heterogeneity was more satisfactory at I 2 = 0% (<25%, Figure 3) , with a combined OR among the three studies of 2.10 (95% CI: 1.47-3.01). The methodological quality of the four included studies was evaluated, with a mean score of 6.5 ( Table 2 ). The funnel plot was approximately symmetrical, suggesting no obvious publication bias (Figure 4) .
Relationship between OLP and Hypothyroidism
Two of the eight articles provided data pertaining to hypothyroidism. The data were merged ( Figure 5 ) and revealed a correlation disease (25) (26) (27) (28) , but until now, the correlation between OLP and thyroid diseases has been questionable. Hence, we performed this review and meta-analysis. We ultimately included eight articles that met the inclusion criteria, and data from four of these eight were combined for meta-analysis. Following a sensitivity analysis, we found that patients with OLP were significantly more likely to have thyroid disease than controls (OR 2.10, 95% CI: 1.47-3.01). There was no obvious publication bias, and three of the four studies had a high methodological quality score. Heterogeneity was satisfactory at I 2 = 0%, after excluding the data from the study by Robledo-Sierra et al. (27) , which had relatively low methodological quality. The results lead us to conclude that there is a strong link between OLP and the presence of thyroid disease, consistent with most previous studies. Hypothyroidism and HT were the most frequently identified thyroid diseases in the studies. A possible link between HT and OLP was reported in an article by Lo et al. in 2013 , who reported a prevalence of HT of 14.3% in a group of patients with OLP. The prevalence of HT-related hypothyroidism in the general population was 1%; thus, the difference was statistically significant (OR 14.29, 95% CI: 1.9-16.2; P < 0.0003) (20) . Two of the eight articles provided data on hypothyroidism alone, and the combined data demonstrated a correlation between OLP and hypothyroidism (OR 1.83, 95% CI: 1.16-2.89). This is in contrast to the finding of Lavaee and Majd, with result showed no significant association between hypothyroidism and OLP (OR 1.714, 95% CI: 0.984-2.987) (25) , and further research is needed to validate the results.
The causes of OLP and HT-related hypothyroidism are similar. OLP is considered to be a T-cell-mediated autoimmune disease in which auto-cytotoxic CD8 + T cells trigger apoptosis of the basal cells of the oral epithelium (2) . HT is an organ-specific autoimmune disease, and its pathogenesis involves release of perforin by CD8+ cytotoxic T cells, and particle enzymes are considered the main cause of thyroid cell damage, eventually leading to hypothyroidism (29, 30) . Both OLP and thyroid disease are more common in women than in men according to previous reports. In 2008, age-standardized prevalences of 1.27% overall, 0.96% in men, and 1.57% in women were calculated from a review article that extracted data from valid studies reporting the prevalence of OLP (31) . A retrospective study evaluated the incidence of OLP in southeast Serbia over a 10-year period; women were found to be significantly more likely to have OLP (P < 0.001) (32) . In the OLP groups of the four case-control studies included in our analysis, 65.4-74% were women, consistent with previous reports. A cohort study published in 1995 reported a higher incidence of thyroid disease in women than in men in a 20-year follow-up survey (12) .
The Mechanism between OLP and thyroid diseases need to be further elucidated. From this study, this association between OLP and HT-related hypothyroidism suggests that thyroid disease may be involved in the pathogenesis of OLP. A molecular mimicry hypothesis was proposed for both lichen planus and HT, in which structural similarities between microbial antigens and human autoimmune reactions can turn a defensive immune reaction into an autoimmune reaction (33) . However, the thyroid diseases in the articles analyzed in this study were not confined to hypothyroidism and HT. We suggest that OLP patients, especially women, should undergo routine screening for thyroid disease. Serological levels of thyroid stimulating hormone, T3 and T4, are indicators of thyroid function, and antithyroid peroxidase autoantibody and antithyroglobulin antibodies may be detected in AITDs. B-scan ultrasonography can be used to detect lesions such as thyroid nodules or as a secondary test for HT (34) .
cONcLUSiON
The etiology of OLP is unclear; however, we found a positive and statistically significant correlation between OLP and thyroid disease. From this, we can assume that thyroid disease may be involved in the pathogenesis of OLP, or that OLP is a clinical manifestation of thyroid disease. To verify this conclusion, more reliable clinical studies are needed. Routine screening for thyroid disease as part of therapeutic intervention for OLP is suggested. This may also help elucidate the pathogenesis of, as well as identify new treatment strategies, for OLP.
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